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We review CP -violating observables in D 0 → K − π + decays and evaluate the CP asymmetry difference between the tagged and untagged decays. We note that this commonly neglected difference is not zero in principle and can be significant in future B factory experiments. We also construct an expression to extract the strong phase difference betweenD 0 → K − π + and D 0 → K − π + decays, independently of existing experimental methods. The violation of combined charge conjugation and parity (CP ) symmetry in the quark sector through the weak interaction was predicted by the Cabibbo-KobayashiMaskawa (CKM) mechanism [1] and has been experimentally observed in K-and B-meson systems [2] . On the other hand, CP violation in charm meson system has not been observed yet and is expected to be small within the standard model (SM) [3] . Therefore, search for CP violation in charm meson system naturally provides a window for new physics beyond the SM.
Recent experimental CP asymmetry measurements [4] [5] [6] [7] [8] [9] [10] [11] in charm meson decays adapted D 0 → K − π + 1 (referred to as "untagged") and
(referred to as "tagged" and π + soft refers to a relatively low momentum charged pion) decays as control samples to correct for asymmetries due to different reconstruction efficiencies between positively and negatively charged tracks.
According to Ref. [12] , untagged D 0 → K − π + reveals CP asymmetry resulting from the interference between the decays with and without D 0 -D 0 mixing even with no direct CP violation, which has been considered in Refs. [4] [5] [6] . Other measurements [7] [8] [9] [10] [11] used both untagged and tagged decays with the common assumption that the difference in CP asymmetries between the tagged and untagged decays is zero.
Also, one of the obstacles in interpreting the ex- 
In this paper, we compute CP violation contributions in untagged and tagged decays, testing the validity of the aforementioned assumption in the CP measurements [7] [8] [9] [10] [11] . We also propose a model independent method to extract the strong phase difference betweenD
The time evolution of the D 0 -D 0 system can be described by the Schrödinger equation [2] i ∂ ∂t 
where p and q are complex numbers with the convention CP |D 0 = −|D 0 and CP |D 0 = −|D 0 under CP conservation. Note that we adopt the convention used in Ref. [18] . The time evolution of the mass eigenstate is given by |D i (t) = e
) where m i and Γ i are the mass and width of |D i . From these, one usually defines mixing parameters x ≡ (m 1 − m 2 )/Γ = ∆m/Γ and y ≡ (Γ 1 − Γ 2 )/2Γ = ∆Γ/2Γ where Γ ≡ (Γ 1 + Γ 2 )/2, in order to describe the time evolution of the D meson system and CP asymmetries conveniently.
For the study of D 0 → f decay, one defines decay amplitude of an initially produced D 0 /D 0 into the final state f /f to be A f /Āf for Cabibbo-favored (CF) decays and Af /Ā f for doubly Cabibbo-suppressed (DCS) decays, respectively, where f /f stands for
where √ R D is the magnitude of the ratio of DCS to CF decay amplitudes and δ is CP conserving strong phase difference between the two decay amplitudes. R
and they are our fundamental relations in the construction of various CP asymmetries described below. Throughout this paper, we assume no direct CP violation in the decays, |A f /Āf | = 1 and |Af /Ā f | = 1. Furthermore, we also set R M to be 1, neglecting small CP violation in mixing. Thus, CP violation considered in this paper is effectively CP violation in the interference of the mixing and decay.
The final state of the untagged decay is the sum of the CF decay
and the CF decay following
Thus, the time-integrated decay rates for the untagged case are
The CP asymmetry in this case is defined as
2 In general, φ includes the weak phase arising from the corresponding complex elements of the CKM matrix. In charm meson decays these are, however, to a very good approximation real.
Note that our definition of A untag CP has an opposite sign from the one in Ref. [12] . The expression for A untag CP can be evaluated using the relations shown in Eq. (4) :
Note that the factor 2 is not present in Ref. [12] .
For tagged analysis, the decay
is the sum of the CF decay D 0 → f and the DCS de-
The timeintegrated decay rates for the tagged decays are
The CP asymmetry in the tagged decays is defined as
and this asymmetry is expressed as
Therefore, in general A
and the difference is
Using present world averages [19] , the difference in Eq. (11) is estimated to be at most 0.01×10 −2 at 95% confidence level, which can be neglected for the current experimental sensitivities [7] [8] [9] [10] [11] , for example A [11] , where the first uncertainty is statistical and the second is systematic. The sensitivity of A
at the super-B factory currently under construction [20] , however, is expected to be 0.03×10 −2 (statistical) and 0.01×10 −2 (systematic). The difference in Eq. (11) will thus become significant in the future CP asymmetry measurements.
In the absence of direct CP violation and neglecting the small CP violation in mixing, the strong phase difference betweenD
where the strong phase can be expressed in terms of x, y, and CP asymmetries only. From this equation, one can extract the strong phase in a model independent way by measuring the ratio of A given above, x, y, and the correlation between them from Ref. [18] . Figure 1 shows our evaluation implying that the sensitivity on δ using the method introduced in this paper would be better than that of current measurements [13, 14] measurements. The dotted (black) line is the current best measurement from Ref. [14] .
To conclude, we have investigated CP asymmetries of tagged and untagged D 0 → K − π + decays. The CP asymmetry difference between the two decays is found to be non-zero and cannot be neglected in the future super-B factory experiments. We also constructed a model independent expression for the strong phase difference in terms of D 0 -D 0 mixing parameters and CP asymmetries. This provides experimental access to the strong phase from measurements of CP asymmetries in tagged and untagged D 0 → K − π + decays, which is independent of existing methods [13, 14] .
